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Dried bunito {Katsuobusi)y a Japanese traditional seasoning made of bonito muscle was hydrolyzed 
by various proteases aTid the inhibftory activity of the hydrolj-zates for angiotensin f-converting enzyme 
(ACE) [EC 3,4.15,1 J was measured. Amone the digests, thermolysin digest showed the most potent 
inhibitory activity. Eight inhibitory peptides were isolated from the digest using HFLC. The amino add 
sequences of Inhibitory peptides were lle-Lys-Pro-Lcu-Asn-Tyr, Ilc-Val-Gly-Arg-Pro-Arg-His-Gln-Gly, 
Ile-Trp-His-His-Thr, Ala-Lcu-Pro-His-Ala, Pbe-GInr^Prq, Leu-Lys-Pro-Asn^ Asp-Tyr- 
Gly-Ixu-Tyr-Pro. By searching for (he sequence boDidogy in many proteins^ four of them wei^e found in 
the primary structure of actio. Asp-Met-lie-I^o-Ala-Gln-Lys was obtained from the boiUng water extract 
of dried bonito and this peptide was foohd^ of creatine kinase. Fragments ^b^ 

peptides, were prepared by further enzymatic digestion or chemical synthesis 'arHl their ACE^ 
activities were measured. Among them, He-Lys-Fro, Dc-Trp^ Leu-Ly$-l^o, aind Leu-Tyr-Pro had higher 
inhibitory activity Lilian their parental peptides. Ile*Lys-Pro suppressed the hypertensive activity of 
angiotensin I. 



The angiotensin l-convcrling cn-cymc (ACE) catalyzes 
the formation of angiotensin H, a strong pressor, from 
angiotensin I and inactivates bradykiniti, which has 
depressor action. Inhibitors of this enzymes show anti- 
hypertensive activity.*^ Commercial aiitihypcrtensivc drugs 
such as captopril and enalapril are very potent ACE 
inhibitors. Recently, ACE-inhibitory peptides derived from 
casein.^"*', fish muscle,* *' and other food proteins 
were isolated. Although the inhibitory activities of these 
fond -derived peptidat arc weaker than those of drugs such 
as captpprif and cnarapril, some of them have been shown 
to be effective in lowering blood pressure of spontaneously 
hypertensive rats (SHR) after oral administration.**** Some 
of these peptides, however, hayie a bitter taste and those 
from fish protein have a fishly odor. We found that 
protease digcsis of UiicO buiiilu liaU ACE-iuliibitory 
activity in addition to a good taste. We also found that the 
thermolysin digest had the most potent inhibitory activity 
among the digests tested. We tried to isolate ACE- 
inhibitory pcptidcis from the thermolysin digest bf dried 
bonito muscle. 

Materials and Methods 

Matericis. Pepsin (porcine stomach mucosa), ifypsin (bovine pancius. 
Type I), chymotrypsin (bovine pancreas. Type VII). and ikbbil lung 
acetone powder were purchased rrom Sigmo Chemical Co. Thc/molysin 
and hippocyl-his(idy)-lcucine (HHI.) were pitrchased from the Fepiidc 
Inxtiiute Inc. i-Dutyloxycarbonyl amino acid$ were purchased froni 
Watanabe Chemical Ind,. Ltd. 

Digestion of druJ bonito. Five grams of dried bonito muscle was 
rtu^-pcuUcd hi 43iul of diraJHcd walcf and hotnu)$ciiizicd with a Polytron 



(Kincniitica OcnbH PT [6/35, Swttrjcriand) for I min. The homogenule 
vras boiled Tor lOmin. The hotted homogcnate was digested by various 
proteases (pepsin, chyntotrypsiii^ trypsin, and (Kermoiysin). Enzymatic 
digestion was done in the presence of SSO^ig/ml oT proteases at 37*C for 
3 hr. Before the pepsin digestion, the homogehale wis adjusted to pH 2 
with hydrochloric acid. Digestions by other proteases were done at pH 
7.S. The digests were boiled for lOmia to inactivate the enzymes. The 
pep^n digest wa.<t adjusted to pH 7 with sodium hydroxide before boiling: 
The supcrnahint^ were recovered after centrifugatton (supernatant A). 
Sttpeniatant was also obtained without eiizyroaiic digesttod (supernatant 
6). Supermtant B «>*as also liydrolyzcd by various proteases as described 
nb^vf* A«w1 rhA riKnfrtFiteal supcTTuKJinl.* were obtained (supernatant O. 

Measurement of ACE-inhibitory activity, ACE-inhibitory acuvitics; was 
measured using HHL as a substrate and extract of rabbit tung acetone 
powder by the, method oTCushman and Cheung.'?* . Each assay mixture 
contained the following components at the indtcatod final concentralion: 
potassium pha<cphate bo ffcr,. ] 00 mu; sbdium chloride, 300 HHL, 
SmM; and enzyme 3mU per 250>tt of anay vuhimc (I unit of ACC 
activity is defined as the amount catalyzing the formation of l/nnot of 
hippuric acid from ITT (L in I rain nt DT^C). The ICsr viOuc is the 
concentration of 50% ACE inbibiiioo in , the leactioh mixture; Total 
activity was defined as the volume of the solution obtained from 1 g of 
dried bonito of which the concenuauon is IC^o- 

Furijicatinn of peptidts from thermotysin digesi of dried bonito. The 
thermolysin digest (supcrDalani A) was put on a octadecyl silica (ODS) 
column (YMC-Paclc ODS-AQ, SH-343.5, 20 x 250 mm, YMC Co , Ltd.). 
The column was developed ai a flow rate of 10 ml/mi n by a linear 
gradient of acelOniirile (l--4iyQ/40iTrin) coniaining 6.1%'trifluoroaoetic 
acid. Individual fractions were dried with a centrifugal concentrator 
and tbdr inhibitory activities were measured. The active fraction* ,were 
purified on a phenyl silica (Ph) colunui (Cosmosil 5?h, 4.6 x 250rnm, 
Nacalai Tesque lnc;)» which was developed »t a flow rate of 1 mf/min 
by a linear gradient of aceionitrile (0— 40%/40 roin) containing 0A% 
trifluoroacetic acid, the active peaks from the phenyl column were, 
puriiicd on a cynnoprvpyl silica (CM) column (Coamoail SCN R. 

' This Study was presented at the Annual Meetings of Agricultural Chcnxical Sodcly of Japan March 31, 1990 in Fukuoka and Octobci 8, 1990 
in KochL 

" To whom correspondence should be addressed. 
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Table I. ACE Inhibition by Enzymacic Hydrolyzaic of Dried Bonito 



Thcrmolysiri 
Trypsin, 
Chymotrypsin 
Pepsin 

Trypsin + Chymotrypsin 
Pqjsin -•Trypsin 
PepsiQT*Chymolrypsio . 
Pepsin TfTrypsin 4* Qiymotryiain 





Supematanl A 




Supernatant C 

_ , .. — . — . — 





_ — . 

Soiubitized 


Total aceiviiy 


IC50 




peptide (%) . 


(Utcr*/g dificd bonilo) 


Gig/ml) 


29 


55.3 


19.1 


120 


161 


34.9 


2.17 


254 


(17 


20.1 


1.72 


215 


47 


67.0 


14.3 


M2 


175 


• 15.9 


0.909 


362 


65 




11.6 


.222 


- 4L 




19.0 


307 




«0.7 


16.0 


123 



♦ Volume of (he solution of which conccntratioo. b lC,o: 

Supcmaiant BviCafl = 174 fit/ml; solutHiicd peptide. 5.63% 0.324 Uler/g. 



4.6 X 250 mm), . which was developed as . described . abpyc Wien .th? , 
obtained p^lldc y»^t poi pyrr after Ibe tKnw HPtC tup*. iH* >ipUde 
was further piirifiinJ aii a d>ps column (Cosmorfl SC!^ 4:6x 
which was devdo(>ed at a flow rale oT 1 ml/miA lyy a linear gradienl of 
acelonitrile (0--40%/40mlo} containing lOcnM pKosi^le bulTcr (pH 7,0). 

AmitM aci/i sequence analysis. The amino acid sequence of the purified 
peptide was analyzed by a proieio sequencer (477A, AppRcd Biosyslcnv^ 
Inc.). 

Synthesis o/yffepfkUiSi Peplidcs n-cre syolhcsizcd ; by. a solid pUMC 
method with a. peptide synthesizer (Biosearch SAM TWO). /- Bulyloxy- 
carbonyl amino ■ adds, were . successively coupled »« ihc prcseivcc of 
W^/T'-diisbpfopylcarbodiimide. - Peptides were dcprotcctcd by the anisole/ 
hydro gen fluoride method and puriikd on HPLC. 

MeasuremetH q/ blood pressure, A Wutar male rat weighing from 200 
to 300g was ancsthcttxcd by inUaperitooeat adtninistTalion of urethaoe 
at I — 1.5 g/kg. The carotid aricry blood pressure was measured with a 
pressure transducer (Spec tracned Medical Products ($) Pic, Ltd.); Peptide 
was dissolved in saline and tnjcctcd'into the femoral vein. osi.ng a catheter. 



fable II, Effects of Furti^er f reaimcnis of ihc TKeirmoIysin Digest of 

Oncd tio«i(6 by' Ga>trointattnA] Protean 



/ 



Results 

I, Digestion of dried bonito by various proteases 

pried bonito was hydrolyied by pepsin, tryipsin. chymo-^ 
trypsin, and iliemlol^^ indcp|cndentty^^ or in cotnbinatiph 
(tabic i). In any .protease studied, the inhibitpiy activity 
6f supcmatahl A was higher than that of supernatant C. 
Especially, supematarit A of therrnolysin hydrblyzatc 
showed the most potent inhibitory activity {iC5p== 29 /i^mi); 
Total activity of supcrnataot A for the ca^ of hydrolysw 
by therrnolysin or both pepsin and chymotrypsin wa.s 
about si;cty times higher than that of supernatant B 
(boiling water extract of dried bonito). Supernatant B 
showed an IC50 value of 174>g/ml. Inhibitory activity 
increased slightly when the supeiTiatant B was liydrolyzcd 
by therrnolysin or pepsin or the combination of . pepsin, 
trypsin, and chymotrypsin. In other cases, inhibitory 
activities of supernaianl C were weaker lhan that of 
supernatant A. These results iridicatei that the inhibitory 
active peptides in supernatant A are miiihly released by 
the digestion of insoluble matter in the homogcnate. The 
therrnolysin digest had the most potent inhibitory activity. 
Thcrmolysin. as well as the chymotrypsin or trypsin digest 
had no bittei* taste but had a good taste characteristic 
of dried bonito. On the other hand, the pepsin digest 
had a bitter laslc. The ACE-inhibiiory activity of the 
therrnolysin digest did not change after further digestion 







Sqitibittzcdj 
peptide (•/.) 


Toul activity 
(litcrVg dried 
bonilo) 


None 


29 


55.3 


19. 1 


Pepsin 


22 


57.3 


26.0 


Pepsin-* Trypsin 


26 


56.4 


21.7 


Pcpstn-rGhymoirypsin 


29 


56.i 


19 J 


,PepsinT*Trypsin ■. . 


26 ; 


56.1 


21.6 


rf Otymotrypsio 









♦ , , Volume of the solution of which concentration is IC«, 



3.0 




Jtt ct c 

II II I 



100 



50 - 



200 3O0 400 



SOO 



Fig- I . H PLC of Tliermolysin-digcsi of Dried Bonito on ODS Cblunin . 

Individual fricliont corrcspomling to 2 m$ of the originat cztracl were ;iddcd. lb ihe 
rculion mixture. Ano%t ioJicate acitve fractioiii Chroouiogrmptiy Was done &$ 
OocTitKti in Mnlciiitb anO MctfKKts. 



by pepsin, trypsin, and chymotrypsin (Tabic IT): Wc 
then tried to isolate the inhibitory peptides from the 
therrnolysin dig«t. 

2. Isolation of ACE-inhibilory peptides 

About eighty peaks were delected when the therrnolysin 
digest was fractionated on the ODS column (Fig. 1). 
Inhibitory fractions (A, B, Q D, E) were eluted at 
26— 33% acetonitrilc (Fig. 1). the active fraction.^ were 
further purified on phenyl and cyanopropyl columns, 
successively. Fraction E was further purified on the CDS 
column (Fig, 2. Tabic III). Eight ACE^nhibitory peptides 
were isolated. Using the protein sequencer, primary struc- 
tures of the individual peptides were identified. Among 
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10 ' X> 30 40 
. Tt»e .<«fA) 



10 ; 20 30 40 

Tim; (mln) 



10 20 30 40 

TliK (nJn) 



to 20 30 AO 

.Hj:,,2.: PurificaUon of Active Peaks from bps Colum 

Peak* A— p wercpurtftcd on phenyl (Ph) sikI cy»nopropyl (CN) cdunns. P«k E was furlher purified on in ODS column. 



Table ill. Siunroary^bf iSjri^ tion of Active Peaks 



table IV. ACE-Inhibitory Peptides f>envcd from Dried Bonito 



CHjClsr Ctmcentratibn of Elution {%) 



Peaks 



ODS 
(0.1% 
TFA) 



(0.1% 
TFA) 



. CN 

(0.1% 

TFA) 



ODS 
(iOmM 
KFi) 



: Peptides 



Thermolysin digest 



A 
B 

C 



26 
27 
30 



31 



33 



Boiling water extract 

^■'23'--^ 



24 
24 
22 
23.5 



20 
24 
28 

23 



t: 



s 

19 
20 
12 
13 
17 
H 

13 



25 



UCPLNY 

IVGRPRHQG 

IWIIHT 

ALPHA 

LKPNM 

lYi 

FQP / 
DVGi.YP 

DMIPAQK 



them, Ile-Tyr had the most potent inhibitory, acUvily and 
showed , an IC50 of 3.7/iM. Ilc-Trp-His-HisrThr and lU^ 
Val-GlyrArg-PrpTArg-Hi5-Gln-Gly 

and- 6.i >tM, respectively. Ala-Lcu-Pro-His-AIa, Phe-Gln- 
VPro, Leu-Lys-Prp-Asn-Met, Ile-Lys-Pro-Leu^Asri-tyr* and 
Aap-Tyr-Gly-Lcu-T;yr:P<'o &ho\yed IC30 values of 10, 12, 
17, 43 , and 62 |iM. respect i^^^ 

Among them, Ile-Val-Gly-Arg-Pro-Arg-His-Gln-Gry. Uo- 
Trp-His-His-Thr, Ala-Uu-Pro-His- Ala, and Phe-Gln-Pro 
were found in the primary structure of chicken acdn 
(Fig. 3). Though the primary structure of bonito actih is 
unknown, these four peptides may be released from bonito 
actin. A sequence homologous lo Ilc-Lys-Pro-Lcu-Asn- 
Tyr, Ilc-Lys-Glu-Lcu-Asn-Tyr, was fouud in the primary 
structure of rat rnyusin. A sequence hpmologous to 
Asp-Tyr-GIy-Leu-Tyr-Pro, Asp-Tyr-His-Leu-Tyr-Pro. was 
also found in the primary structure of human fibronectin. 



Peptides 



ODS Peak IC^ (jtu) 



Origin 



Thcrmolysin digest 








IKPLNY 


A 


43 


(Myosin) 


TYGRPRHQG 


B 


6.2 


Actin- 


. IWHHT 


C 


5.1 


Aclin 


ALPHA 


C 


10 


Aclin 


LKPNM 


C 


n 




lY 


D 


3.7 




FQP 


0 


12 


Actifl 


DYGLYP 


V. 


62 


(Fibronectin) 


Boiling water extract 








r>MlPAQK 




45 . 


Crcatihd kinase 



.Ayr 
" Q "s K 

H T Q 
T O F 
OLA 
V n D 

s V r. 

n K s 

:« s c 

t 1 * 

It Q 1; 



CO E 

R c r 

II k I 

I n r 

V tp 
c a p 
I t X 
f. p 0 

A fit 

C T T 

V D K 



T ,T * L V C 



L' T t 

E.T y 

S O 0 

K L C 

O Q V 

II K T 

V it y 

A CP 



y ? 
W c 

V:f ; 

V T 

I* N 

V A 
T I 

T n 

I A. 

V w 
I V 



!> .?• n s c 

ti Kl y H V 

I 'lC H c I 

H r T i. t 

■A'M.Y.'V! A"- 

»i.Jt V r » 

K » r. T F. 

I . b k ' k i( 

c K a K 

S I .M H C 

n a >4 Q R 

I a n -s r 

M * K c F 



C »* 

r T 

t £ 

Y r 

s c 

K M 

R r 

U I; 

K I 

U A 



- a A c. 

w u 

: A f I- 

yjA- 

S r' 



K. A U.p 0 A 

t> '.t .y'v c p 
n y K K fTw" 

■i<''> a" A h'm'- 

S . I. V A S c 



ATA 



.1. P H aI t h 

y T T A K R 

A S S S S I. 

i. fr Q H s r 

X 0 I.. T A.i 

A.P s r M K 

ir r u 0 H V 



K M 

ft A 

K K 

R r 

R (. 

R I 

K K 

I C 

K V 

I K 

I T 



Fij. 3, Primary Slructure of Actin of Chicken Musdc. . 

ACl>tahibilory piptidci derived from dried bonito urr boYcd. . 

An ACE-inhibitory peptide was also isolated from 
supernatant B by a three-steps purification using HPLC 
(data not shown). The seqiiencc of the peptide was Asp- 
Mct-lle-Pro-Ala-GIn-Lys, This peptide was fotiml in the 
C- terminal of creatine kinase. This peptide was the major 
ACE-inhibiiory peptide of the boiling water extract. 
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Tabic V, ACE-lnhtbilory Aclivitics of Synthetic Dctivalivc Peptides 



IKPLNY 


43 


32 


IKP 


1.7 


0.61 


LNY 


81 


33 


IVGRPKHQG 


6.2 


6,3 


VGRPRHQG . 


5.4 


4.9 


GRPRHQG 


34 


27 


RPRHOG 


22 


16 


PR MOO 


1 ^5 

J-? 


33 


tvnVfVj 


J JU 


160 


■ hot; 










210 








lU/UtXTC . 

iWMn 1 r 




*> t 


lU/ULIT 

IWnH 1' 


J.I 


J.J 


WHf ITF 


46 


11 * 

J J 


WHHT, 


110 


M 


HHTF 


. 84 


45 


HHT 


KOO 


• 310 


IW 


2.0 


0.63 


ALPHA 


10 


5.1 


ALP 


Z40 


72 


LKPNM 


17 


10 


LKP 


t.o 


. 0.57 


DYCiLYP 


62 


. 45 y : . 


YGLYP 


260 


160 




ion 






.-■....6.6.,, .[. 


, 2.6 


VP 


890 


250 


DYG 


2700. 


950 - 


DY 


too 


„ 30 


YG 


1100 


260 


OMIPAQIC 


45 


36 


MIPAQK - 


300 


210 


IPAQK 


260 


■ 140 


PAQJC 


100 


44 


AQK 


1800 


620 


QK 


883 


240 



J. Synthesis of ACE-mhibitory peptides and their fragments 
Inhibitory peptides from the thcmiolysin digest of dried 
bonito were synthesized. Various fragirients were ialso 
obtained by chcmica] synthesis or enzymatic hydrolysis, 
and their inhibitory activity for ACE was; incasurcd QTablc 
V). Ilc-Lys-Prb-l^-Asri'-T3^r is split into ije'Lys-Pro and 
Lcu-Asn-Tyr by. furiher thermolysin . digestion. , Asp-Tyr- 
Gly-Lcu-Tyr-Pro is also split into Asp-Tyr-Gly and Leu- 
Tyr-Pro by the same conditions. The ICjti of lie-Lys-Pro 
and Lcu-Tyr-Pro were 1,7 and 6.6 ;iM, respccliycty and 
these peptides had higher inhibitory activilics than the 
original peptides. These results suggest that the inhibitory 
activity may h« more potent with the further thermolysin 
digestion. Among the fragment peptides of Ilc-Trp-His- 
His-Thr, He-Trp, which was released by chymotrypsin 
digestion, showed higher aciivity {}Q^^~2S> fiU) than the 
parental peptide. Therefore, this peptide will be released 
by gastrointestinal digestion when tl\e thermolysin digest 
is ingested. The ICjo of Leu-Lys-Pro, a synthetic fragment 
of Lcu-Lys-Pror-Asn-Met, was j .iSiiM. Among the synthetic 
peptides, Lcu^Tyr-Pro and Vai-Gly-Arg-Pro-Arg-His-Gln- 
Gly showed higher aciivity than th6 origifial peptides. 




Fig. 4. Gft'ccts of Uc-Lys-Pro on Blood Prc»urc of a Nonno tensive Rat. 
Anfootenstn 1 and the peptide were given in* ravenously. 



4. Antihypertenxive activities of ACE- inhibitory peptides 

Systolic blood pressure of normotcnsivc rat is elevated 
by 20mmHg after intravenous injection of lOOng/kg of 
angiolensin t (Fig. 4). He- Lys-Pro given intravenpusfy 
at a dose of 10mg./1cg before angiotensin I inhibited the 
elevation of blood pressure. Ile-Val-Gly-Arg-Pro-^Arg-His- 
Gln-Gly also showed a similar effect. The antihypertensive 
effects of other peptides arc under investigation.' 

Discussion 

The ACE-inhibitory aciivity was estimated by measuring 
the release of hippuric acid from HHL. It should be noted 
that hot only inhibitors but also substrates are detected in 
this system. The ACE-inhibitory activities of ihc thermo* 
lysin digest of dried bonito is the niosr pojent among the 
various protease digests. We then i.<olatcd ahd idmtificd 
eight ACE-inhibitory peptides from this digest. From the 
substrate specificity of thermolysin, the obtained peptide 
has He, Leu, Phe, or Ala at the amino terminus. Four 
inhibitory peptides were found in the primary striictuic of 
actin. Among them, Tle-Va!-Gly-Arg-Pr<>Arg-His-Glii-Gly 
was also obtained from the thermolysin digest of chicken 
muscle (unpublished data). 

The ACE-inhibitory activity of synthetic dipeptides 
including llc-Tyr has been reported.**' Ile-Tyr is the first 
example of a dipcplidic ACE inhibitor derived from fish. 
Generally, di- or tripcptides arc easily absorbed in the 
intestine. In fact, the thermolysin digest of dried bonito 
showed antihypertensive aciivity by oral administration in 
SHR or strokc-pironc SHR (unjpiiblished data), On the 
other hand, the pepsin digest or the pepsin-trypsin- 
chymotrypsin digest did not show antihypertensive activity 
under the same condidons. Therefore, it is efiective to 
hydrolyzc dried bonito by microbial proteases such as 
thermolysin before >ye eat them. 

Kohama et at: isolated ari ACE-inhibitory peptide from 
an acid extract of tiina.^* Suets una et a/, isolated ACE- 
inhibitory peptides from a pcpsiri digest of .siardines.** 
The ACE-inhibitory peptide probably dcrivcd from sardine 
actin has been reported during the preparation of this 
manuscript.'^* Sugiyama £/ af, reported antihypertensive 
activities of the alkaline protease digest of satdines.^ 

Usually enzymatic digests of fishes have a fishy od dr. 
Wc found the pepsin digest of sardine to have a bitter 
taste. The therrnolysin digest of dried bonito dose not 
have a bitter taste or fishy odor but has a good taste. A 
boiling water extract of dried bonito muscle is a traditional 
flavor enhancer in Japan. In the process of its production 
the muscle is cleared of fats, boiled, and dried: A good 
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tdsic called **Llmami" is produced during such a process. 
"Umami'* is mainly derived from inosinic acid. Amino 
adds and peptides, which are produced by proteases, also 
may contribute to this good taste. RecenlJy, a new concept 
called "functionalities of foods** has been proposed'*'; 
foods have nutritional function (primary function), sensory 
function (secondary function), and physiological function 
(tertiary function). The thermolysin digest of dried bonito 
has excellent primary, secondary, and tertiary functions, 
and is expected to be a physiologically functional foodstuff 
having antihypertensive effects. 
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